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Foreword

As activity and funding at lhe MldPacific Research Laboratory began to diminish in the early 1980s, ●

seemed fitting that a synthesis be prepared of the three decades of research that had been conducted at
D ..-5 Laboratory on” Enewetak AIO1l.For 30 years the Atoll served as a convenient, accessible location for

+i2s of MidPacific island ecosystems. and severs] hundred scientists utilized the facility. Primary fund-. ..>..

- g was provided by the OffIce of Health and Environmental Research, Ecological Research Division,
u. S. Department of Energy iformerly the Atomic Energy Commission and the Energy Research and
Development Administration).

This is an attempt to synthesize in tw? volumes the results of the Mid-Pacific Research Iaboratoy
studies that have been published in hundreds of widely dispersed publications. It is hoped that present and
future scientists involved in st’~dies of Mid-Paciiic islands will find this synthesis a convenient resource for
zheir research.

Considerable time and effort were expended by many contributors to make this synthesis possibk.
‘ianks are extended to all these authors for their manuscripts. Special appreciation is expressed for
‘I- Dennis Devaney’s dedication in filling gaps in the taxonomic descriptions of several invertebrate-..
groups. This publication would not have been possible, however, without the determination and persis-
tence of Dr. Ernst Reese in organizing and collecting the material. Deepest gratitude is acknowledged for
bis conscientious efforts.

Helen M. McCommon, Director “
Ecological Research Division
Office of Health and Environmental Research
United States Department of Energy
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Preface

-
., . olurnes of The ~%furo/ History oj Enewetok

, ?,, research done al the Mid-Pacific Research
.,. : ;:,,~... from 1954 to 1984 under the auspices of the

; ),.i,,ir~ment of Energy The history of the laboratory and
it,,, reasons for its support by the United States Depart.
rt),,nf of Energy are described in Chapter 1 of Volume II

Over a thousand persons-established scientists, their
,1.slstants, and graduate students—conducted research at
:h,, laboratory during the 30.year pericici. Their efforts
., ..l?,>!~ in 223 pub]i~tions. These have been collected in

wcs of reprints entitled Mid.PaciJic Marine Labora.
:rmufions, 1955-1979, U. S. Department. of

Publication NVO 6281. The laboratory has con! .-,..
:;:l.icti operation on a limired scale to the present. A COI
l,,c!ion of papers recently appeared in the Bul/er!n OJ
,ffunne Science, Volume 38, 1986.

Much of the research conducted at the laboratory was
on the marine environment. The reaion was that the
rrlayxity of scientists applying to u,ork at Enewetak were
,Jlzrlne biologists, For many, this was the first oppcmunity

‘. :!w biota of a coral atoll. Fewer studies were con
n the terrestrial environment and its biota,

,. .w:rielas, as these volumes attest, the coverage is
amazingly complete and thorough, and there are few, if
an!!, studies of an equivalent ~cosystem that equal the
total research effort reported in these volumes.

Volume 1 provides a synthesis of the research carried
out under the subject headings of the respective chaprers.
Certain of the chapte;s, e.g., those on geology, subtidal
Z-C!inrertida] environments and ecology, and those on reef

“,-ses and trophic relationships, summarize a great
SIIy of research carried out by many scientists for

:,cny years. in contrast, the chapters on meteorology and
oceanography summarize research carried out under one
integrated program involving fewer scientists working over
c shorter ~ri~

Volume II of The Natural f-fslor~ OJ Eneuetok ..’4!oII
provides information on the taxonomy of animals and
plants knou,n to occur at Enewetak Atoll This taxonomy
~..:!r~,sen~sa fu!fij]meni of one of the first assgnrmen~s to

laboratory—-to determine the scientlftc names of rhe
):a of the afo]] The co]]ecrion5 on wh]ch !he checklists

I each chapter are based are ho(ls+wi af :h,: Bern Ice F

50(HWM

Bishop Museum in Honolulu and the U. S. National
Museu”m of Natural History, Smithsonian institution, Wash.
ington, D. C.

In addition to the species checklists. each chapter in
Volume 11provides a succinct summary of the biota with
respect to endemism, range extensions, and other features
that set the Enewetak blots apart from those one might
expect to find on equivalent lr’rdo.Pacific islands. This com-
pendium of taxonomic information for an atoll should
prove of immense value to scientists interested in biogeog-
raphy and evolutionary biology of island ecosystems for
years to come.

One of the problems of editing these volumes has been
the correct use of place names. In some ases atithors
used the military code names for islands while others used
the native names. Even the native names have changed
from early phonetic spellings to the spelhngs currently in
use and preferred by the Enewetak people. For example,
the name of the atoll has changed from Eniu’etok to
Enewetak, and, although the correct current spelling is
used throughout, the old spelling occurs in older references
and maps which appear in these volumes Maps giving the
military code names and the native names preferred by the
Enewetak people are located in Chapter 1 of Volume 1.
Surprisirigly, it is difficult to determine the exact number of
islands. Due to the effects of storms. small islands are
ephemeral, and two islands and part of a third were ob
Iiterated by nuclear explosions. Currentiy there are 39 rec.
ognizable islands, and these are shown on the map used
throughout the book.

These volumes do not report on the extensive radiol~
ical surveys and studies which have been conducted by the
lawrence Livermore laboratory, University of California,
and the Radiation Laboratory, University of Washington,
also under the auspices of the U. S De&rtment o{
Energy

Dennis M Devaney, senior editor of th]s volume. disap
peared while collecting specimens off the Island of Hawaii
on August 13, 1983 Dennis was doing what he loved
best. coilectmg marine inverlebrat; s. at rhe time of his
death He collected extensively at Enewerek, and he under-
took the task of organizing the s},sterr-,allc chapters of
\’oll)me II &atri,cc i. Burch. De,,ancy’s fiss~slan: af the

*



Bishop Museum. completed the task, and she haswritten
tl~e introduction [o Volume Il.

It is fitting that the two volumes O{ this book are dedi
cated to the people Of Enewetak Atoll. They, like so many
other human bek-tgs, were caught up by forces beyond
their control and understanding in an immense cataclysm

. .

,...,, .. .‘“’”. . . . . ,: .. .. .

.:
:.. . . . . “..

. ..”..... ...” ... ..C. . . . . . . . .. :.”...,.. . ~. ...,.

““
...”.”*.. . . .

. .

Of human history in a small way, this book stands as
something good (hat has resulted from those years

Ernst S. Reese
Professor of Zoology
University of Hawaii. Honolulu

..
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111trociuction

I rn+t S. Reese

Hawaii -c2ZMcYriOO.
‘.;,.<],, 96822

,, ::rst volume of -The Natural History oj “~newetak
.;: ljrou)des a summary of the research carried out over
:t,,, SOYear period from 1954 to 1.984. The frontispiece
lt!usfrates the dramatic contrasts between the imrrwnsity of
tt,e lagoon and the seemingly fragile necklace of small
,.l,+nds u,hich surrounds it, and also between the sea condi.
“10:. cm the windward, seaward side of the reef and the
.,, !::,;CIVsheltered waters of the ]agoon.

~“h< first chapter discusses the history of re~rch at
..; ~k. Atoll. The reasons behind the establishment of

~:i:uetirk Marine Biological Laboratory are described.
.:,< authors, Philip Helfrich and Roger Ray, have been
~ssociated with activities at Enewetak from the very early
days. They conferred with Robert W. Hiatt, the first direc-
tor of the laboratory. In Chapter 2, Robert C. Kiste, a
foremost authority on the people of Micronesia, provides a
nlstory of the Enewetak people to whom these volumes
:;e dedicated.

T!-,.Qnext four chapters deal with the physical environ.
..5 of Enewetak Atoll. In Chapter 3, Patrick L Colin
~crI”bes the physiography of Enewetak. Colin served as

:esldent scientist in charge of the laboratory from 1979 to
J.h.e.end of 19B3 when all resident -scientific staff .Ieft the
atoll, Followiis9 the description of the atoll, Byron L. Rist-
vet, a frequent scientific visitor to Enewetak, provides a
summary of the geology and geohydrology in Chapter 4.
Next, in Chapter 5, Marlin J. Atkinson describes the
:,ceanography. Under the direction of Stephen V Smith,
‘-kinsm participated in an important study of the lagoon

cula[ion. Chapter 6 on the meteorology and atmos-
; :teric chemistry is the fina! chapter in the group of
:hapters dealing with the physi=] environment of
Enewetak Atoll. Written by John T. Merrill and Ro’bert A
!)uce, the chapter is based on the results of the SEAREX
project. Duce served as the director and principa! investi-

gator of the project.
The next four chapters are devoted to the marine

+cosystem and its biota. They summarize the large amount
-f research carried out at the MidPacific Research Lsbora
“dry in the marine environment. All of the authors were

..>

frequent visitors to the laboratory, and they have done a *
splendid job of reviewing the research Carned out in their
area of interest. In Chapter, 7, Patrick L. Grlin describes
the subtidal environments of Enewetak and reparts on the
research done on the subtidal biota. This is followed in
Chapter 8 by Alan J. Kohrt’s masterful summary of
research in the intertidal environment. Kohn has been a
student of tropical intertidal ecology for 30 y=rs. He tack-
led a particularly difficult task be-use of the extensive
study of the intertidal environment and its biota by many
scientists over the years.

Chapters 9 and 10 deal with proce&s and relation
ships in the marine environment. [n Chapter 9, James A.
Marsh, another frequent visitor to the laboratory and a
recognized authority on coral reef prbcesses, reviews the
extensive work which was carried out at Enewetak on the
community metabolism of coral reefs and related topics
such as calcification processes, nitrogen and phosphorus
cycles, and the role of detritus in the ecosystem. Nelson
Marshall and Ray P. Gerber extend the ecosystem
approach in Chapter 10 to include the entire atoll. They
discuss the trophic relationship between the shallow reefs
and the lagoon. Both Gerber and Marshall conducted
research at Enewetak.

The final three chapters are devoted to the terrestrial
environment. Because fewer scientists applied to conduct
re:earch in the terrestrial environment less work w~~ ~———-. .&—
accomplished, and% integrated overview is not possib~
In Chapter 11, I report on the fife history, beha~or, and
ecology of land crabs, review what is known about atoll
soils, and conjecture on the carrying capacity of an atoll
such as Enewetak. For a description of the vegetation, the
reader is refereed to Chapter 3 in Volume’ 11 by Janet O.
Lamberson. William B. Jackson, a frequent visitor to
Enewetak over the years, and his co-workers Stephen H.
Vessey and Robert K.. Bastian report on their long-term
study of the rodents in Chapter 12, and Andrew J, Berger
summarizes our knowledge of the bird’ life of the atoll in
Chapter 13. Berger, a noted ornithologist and the
foremost authority on Hawaiian birds, made a number of
trips to Enewetak.

I suspect that few readers wi]] read this vo]ume from
cover to cover, but those who do will gain an appreciation.
for the complexity of the atoll ecosystem and a better

5002413 Xvl
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understanding of the intimate relationships ktwccn the S~:rVc ifs pur~sc IWSI if the reader comes away with more
seemingly fragile components of [he ecosystem: the questions than answers and a desire to find the answers to
lagoon, the reefs, the islands and their biotas, all perched these questions in future research on the natural history of

,, .on a volcanic and coral pinnacle
Pacific Ocean. In the final analysis,

..

m the vastness ot the coral reefs and islands
however, the book will

.

. .— . ..— _- —-
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Chapter 1

/?esearch at Enez.uetak Atoll:

,.!,,-. .-] Marine Biology. Uniuersrty o,(

~“i.meoke. Hawaii 96744:
.,

,,.. . . 4.
“.,i~,aa Operations Ojftce. U. S Department oj

{ wvgy. Las Vegas, Neuada 89114: currenl
.J.i,if,,ss IS 10252 Hatherleigh Dr.. Bethesda. .
\j,:rllond 20814

INTRODUCTION

: Lri!c theater of operations in World War [1

..:jiions of military personnel to the tropical

~nd their activities on the Pacific Islands afforded
,,. contact and awareness of the physiography and

..t::ural history of” these small dots of land scattered in the
.~~1 expanse of ocean. ,This enhanced awareness, coupled

XIIh a recognized need by ,the military establishment for

:ncreesed knowledge of Pacific Island areas, led to
~o. s:nmentqcmsored investigations, “complemented by

“. -“: of many individual scientists whose interest had

..+!ed by wartime visits to these islands. In the

;~~lod. two activities of the U. S. government
. . . ; further interest on fhe coral atoll of the tropical

!’CCI!:Cand influenced the future of research at Enewetak
.~lo!~ {Figs. 1 and 2). The origin of the spelling “Eniwetok”

.!s ios: but would appear to be a phonetic rendering of
~lla: the people called their atoll. In 1973 it’ gave way to
:he current spelling, consistent with w’ritten Marshallese.
..:c . ‘:eaning ‘“Island u,hich points to the east. ”

‘. ‘r!d War 1[ d~monstrated the importance of these

‘?~~ered land masses to any military confrontation
‘acif]c basin. After the war, the U. S. Navy moved

.,.- ~+. elop a series of permanent bases from among the

TIZ7:. temporary wartime bases and outposts which had
be<r. established across the Pacific. With the prominent

ro!+ of the .Navy in developing and maintaining these
bcs; :, if is not surprising that the Nauy’s research arm.
?k IOffIcc of Naval Research (ON R), Inaugurated a scien
!!::: ?~ogram in [he ]a[e 19405 aimed at a ~tter under

~g of atoll morphology and of all aspects of island
:n microorganisms to human inhabitants The ONR

: a ser)c. s of expeditions In conjunction with th.:
,:. . Scienc< Assocla[ion, many of which were to atol!s

A Historical Perspective

in the central and western tropical Pacific. Arno Atoll in
the southern Marshall Islands and Onotoa Atoll in the Gil.
bert Islands (now Kiribati) were subjects of intensive inves-
tigation in 1950 and 1953, respectively. Scientists.
involved in these atoll studies contributed to the establish-
ment of the Eniwetok Marine Biological Laboratory (EMBL)
on Medren island, Enewetak Atoll, in 1954.

The second postwar activity which served to focus
attention on the mid-Pacific area was the atomic weapons
testing program in the northern Marshall Islands. Two
atomic weapons had inflicted mortal damage upon Japan
and had brought a precipitous end to the war in the
Pacific. Military planners and strategists knew very little
about this new and awesome strategic resource. Thus, an
area was sought which might accommodate full-scale test-
ing of atomic weapons. Neil Hines (1962) in his book
Proving Ground describs the process of choosing the
northern Marshall islands as the testing site. First Bikini
Atoll and then Enewetak Atoll became test sites, to be
known together as the Pacific Proving Ground. National
security considerations soon led to research and develop
ment testing and, with the impetus of the cold war, to the
testing of thermonuclear weapons in these islands. in all,
between 1946 and 1958, 43 nuclear devices were tested
at Enewetak and 23 on Bikini—events which were to have
mofound and lasting environmental. smialt and cultural
~Hects upon these !;o a.to!ls as well as others nearby. The.
nuclear testing prcgram provided a setting, a focus of
interest, and an opportunity for research in the northern
Marshall islands which eventually led to the establishment
of the EMBL.

THE WEAPONS TESTING PROGRAM

Soon after the 1946 tests al Bikini (Operation
Crossroads). which had been designed to assess the mili-
tary significance of atomic weapons. the United States
Congress created the Atomic Energ\ Commission (AEC), a
civilian agzncy charged with responsibility for the research,
development, testing, and production of nuclear weapons.

This new agency was to become hosr and manager of the
Pacific Proving Ground and. Iater.”sponsor of EMBL.

Opwellon Crossroads was Iarge!j a seaborne opera-
!mn, w,:h logIs!Ic supporl from the naval base at

5002415
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Fig. 1 Regional and airline distances maps of the Pacific and the Marshall Islands showing
l~tfo~ of Enewetak Atoll.

Kwajalein. It consisted of two tests, one an airdrop and
the other an underwater detonation. The radiation and
other effects of both of these tests —cocfe-mmed Able and
Baker—were largely confined to Bikini Atoll, with such

fallout as left the Bikini area being deposited in areas of
open ocean. The same could be said of the early develop.
ment tests, which began at Eneue;ak in 1947. The selcc
tion of these atolls had been strongly influenced by their
remoteness and by the predict abih:y of wind conditior;s

The 1954 operation, codenamed Castle, was planned
contemplating use of both atolls Detonation of Bravo, the

first test of Castle, drastically ahered that plan. The explcr
sive power (yield) of Bravo was more than tutice tha[
which had been predicted, and 10&l winds carried the
debris, or local fallout, directly across Bikini Atoll. contami.
na~ing much of the land aree and rendering the control
area and many of the experimental sites unusable for the
remainder of the Castle operation (Hines, 1962). Some
testing continued at Bikini, b~t Enewetak, afler Bravo.
took on even sweater ifimrrance in the atmospheric
nuclear testing program. During the period which ended o-n

October 31, 1958, Enewetak was the site of 43 nuclea~

5o02hlb
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operations over more than a decade were conducted by a
series of Joint Task Forces (JTFs), consisting of Army,
Navy, Air Force, and AEC elements, in a coordinated
operational command. The commander was a senior mili-
tary officer of flag rank and had as his deputy a senior
AEC scientist.

The test detonations were grouped in series which.
typically, lasted several months. During the times between
series—usually a year or more—the support apparatus
continued to function. This availability of logistic and
‘admin]strati~’e support made it feasible to consider tile ‘
establishment! of a laboratory faclll:~~ The AEC interest in

!es!s Enewetak, Medren, and Japtan Islands
‘ the command, administrative, logistic, and techni...-,.-~

zt. j~ppori facilities, and the isiets in the northern and
?es:zrn portions of the atoll served as test areas. Table 1

‘:”< Ihe detonations aI Enewetak, and Fig 3 illustrates the-----
:?~: location, s on the aIoll

The nuclear testing program required the mobilization
.,-.i uas[ assemblage of scienllsts, technicians, and SUPPfl

-~-,nn?! and [he esyabi]shment of laboratories, shops, ad
IU~!:crs, in adcllIlon to port facilities and an air ter.
‘(J connect W)ih a SUPPI$I system extending through

..:: I!+IO n-,alnland kases as far as 8000 miles away Test
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TABLE 1

Nuclear Tests at Enewetak Atoll
.— ____ ._ ——__

Operation Type and
event name Da(e height, ft Yield Location

-.
37 KT Janet, west tip
49 KT sally
18.KT Yvenne. north end

4/14/48
4/30/48
5/14/48

Tower 200
Tower 200
Tower 2(JO

Sandstone
X.ray
Yoke
Zebra

Greer)house
Dog
Easy
George
Item

Ivy
Mike
King

Castle
Nectar

Redwing
Lacros;e
Yuma
Erie
Seminole
Blackfooi
Kickapoo
Osage
Inca
Mohawk
Apache
Huron

Hardtack, Phase I

4/7/51
4/20/51
5/8/51
5/24/51

10/31/52
“11/15/52

5/13/54
.

~,/Lj/5(j
5;27/56
j~30/56
6:6/56
6’11/56
6!13/56
6;16/56
6 21/56
7;2/56
718/56
7!21/56

cactus
Butternut
Koa
Wahoo
Holly
YellowwW:
Magnolia
Tobacco
Rose -
Umbrella
Walnut
Linden
Elder
oak
Sequoia
Dogwood
Scaevola
Pisonia
Ol)ve
Pine
Quince
Fig

500?!18

5!5/58
j,/1 l/5g

5 12/58
5. 16/58
5 20/58
~ ~6/5g

5 26/58
5 30/58
6;2/58
6 8/58
6. 14/58
6; 18/58
6 27/58
6 28,/58
7’1/58
7:j/5~
~ 14/58
? 17/58
7.22/58
7 2cI/58
8 t,5g
8 1<5,’5/3

—_ ——____

Tower 300
Tower 300
Tower 200
Tower 200

Surface
Airdrop lSOO

Barge

Surface
Tower 200
Tower 300
Surface
Tower 200
Tower 300
Airdrop 670
Tower 20()
Tower 300
Barge
Barge

Surface
Barge
Surface
Underwater 500
Barge
Barge
Barge
Barge .
Barge
Underwater 15(I
Barge
Barge
Barge
Barge
Barge ,.
Barge
Barge
Barge
Barge
Barge
~Qrf~ce
hrfac,~

Yvonne, north end
47KT Janei, west tip

Ruby
J.wiet. ncwth tip

10.4MT Flora
500 KT Yvonne, 2000’h’

1.69MT Mike Crater

40 KT Yvonne. north end
Sally. west tip
Yvonne, by airstrip

13.7 KT Irene

●

Yvonne, middle
.%lIJI. north tip
Yvonne. middle
Pearl
Ruby

.

Mike crate;
Mike Crater

18 KT Yvonne, north end
Yvonne. 4000, SW

1.37MT Gene
James, 7400’s
Yi,onne. 2075ZSW
Janet. 600()’swI
Yvonne. 3000’SW

_. LaneL@OO’SKL _-.
Yvonne, 4000’ SW
Glenn. 7400’ N
Janet. 6000’ SW
Ywmre, 2000 SW
Jane!. ‘4000f sw

8.9 MT AiIce reef. 3 mi SW
Yvonne. 2000’ SW’
Jane[. 4000t sw
Ywmne. 561’ SW
Ywnne. 12000’ W
Jane:, 4000e sw
Jane:, r3soor .StV
Yvorne. mi,jdjd
Y.,c,~qc. middle

—. —— ___ —_
.
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Fig. 3 Enewetak Atoll nuclear tests with name. year of detonation, a; d approximate lm~ons.

expanding knowledge of the environmental setting in which information had been lost to foreign powers in the immedi-
the tesls were being conducted provided the basis for ate postwar period, and the pace of atomic weapons

discussions which led to the establishment of the EMBL. research and development had become a vital indicator of
political power In this environment, the establishment of a

ESTABLISHMENT oF mm university .associated research Iakxatory. with its traditions
of academic freedom and open publication of research

)i necessity, the nuclear testing program Of the 1940~ results, was nothing Iesi than remarkable. [t reflected the

1950s was conducted in a climate of nationa! urgency enlightened scientific chmate of the AEC and tF.e AEC’S

::1’i classification securit~! Important scientific and s!rategic concern regarding the Iongterm consequences of appli@-
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tions of nuciear technology. There was ~ need for more
complete knowledge ~ of the dynamic biwecchemical
processes which might lead to the transport of radioactive
contaminants in the atoll sysfem to man. More fundamental
was the acknowledged inadequacy of our understanding of
the systematic and ecology of the highly diverse atoll
biota. Early records of environmental monitoring during the
test series included entries such as “red fish” and “green
fifamentous algae,” reflecting the lack of any petiinent tax.
onomic descriptions of the kit btota. The College of
Fishel’ies of the University of Washin~on, under contract
to the AEC, had conducted studies at Btkini and Enewetak
of the interaction of environmental radioactivity with vat-i.
ous species ;-rid had made substantial contributions to the
literature regarding these nuclear-affected atolls (Hines,
1962). There remained, however, a need for a broader
base of information about the systematic, ecology, and life

0 historv of the atoll flora and fauna.
D&ails of the discussions leading to the establishment

of EMBL are unavailable. In the early 1950s, however, the
eminent biologist, H. Burr Steinbach, then of the Univer-
sity’ of Chkago and later of Woods Hole Qce&rographic
Institution, was asked by Sidney Galler of the CMce of
Naval Research to travel to Enewetak Atoll to explore the
feasibility of establishing a marine biological laboratory.
Steinbach’s trip and his subsequent report recommending
the establishment of a laboratory on Enewetak Atoll were
instrumental in AEC’S action to contract with the Univer-

sity of Hawaii to establish and operate the EMBL.

[

The contract, signed orI June 3, 1954, required the
university to manage the laboratory and to direct and coor-

, dinate its scientific programs. Policy direction and sponsor.
; ship were provided %y the Division of Biology and Medi-

cine of the AEC Headquarters in Washin~on, D. C.
~ Robert W. Hiatt, Director of the Hawaii Marine Labora-

tory, became the first director o{ EMBL. The first orders
of business were to provide supplies, equipment, and work
areas for visiting investigators and to establish a reference
collection of animals and plants with an ecological index

- for their use.
To facilitate scientific investigations of terresmial and

interti~al -b~o~a. two islets on~,newe!a.!~.%tcrll-lkuren -and
Mht—were- sef aside as reserves for the exclusive use Of

EMBL scientists. This was done to ensure that a continu.
ous]y available source of typical fauna and flora would be
protected, to the extent possible. from proving ground
activities. During these early years, E.MBL scientists were
permitted to us~ the Iatmratory only in the intervals
between test series. However, marine scientists from the
University of Washington Applied Fisheries L&ratory,
under separate contract to the AEC, were in residence
during the actual test events. Their work at Eneue:ak and
elsewhere in the Pacific is recounted by Hines (1%2) and
is reported in numerous published papers

The laboratory was first quartered ;n a ret:.mgular’
metal building, with an aquarium lanaj. l~:ed cm the
southwest shore of Medren Island The build]ng was
equipped with a simple seawarer Svsl<.m, a single air- !

pus life. These features resulted in a, level of scientific @
ductlvity unequaled in the experience of most resear~e~..

,-

“..
.. .
-. —
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T?W.~71glnal E~BL building eventually proved inade.
~-l:,. ,0 the needs of the scientists and in 1956 was
=Sptmj,.d IO include an extension for storage and a

4 . ~~~ cOncrele tank to hold experimental animals.

s ,.. .,,?n:..nn of the Iaboratoky occurred in 1959,.. ,,..’
. ~+s:er of the University of Hawaii initiated

~: am in shark physiology and &havior. For
,1 -~r.!:ll. :uo interconnected parallel tanks were con.
,::,,.;,.J, wtuch allowed sharks to swim in an oval pattern.
??:,. !~ci(l[y permirted Tester and his colleagues to hold
~n<j ~ondltion sharks, to test their reactions to various
~!,,.,ll, cal srimulze. and to elucidate some of the anatomical
r,,; n,.uroiogi~l bases for their aggressive behavior.

>::ckar tes~ing activities at Enewetak ended in late
,,, .,..: .3z +clarat’ion by President Eisenhower of a

-..~~.~,=nied by a similar Soviet moratorium)

.. .. 3: :esring. The 1958 moratorium, originally a
!,, , ,.,,r commitment. was actually continued until Sep-

t,.mbcr 1961. At that time, the Soviets suddenly resumed
w~tmg at a high rate. Even then, however, tbe United
SIaIcs, in its response, did not return to testing in the
Marshall islands. Although the AEC continued to adminis-
:rr the Pacific Proving Ground until it was transferred to
!}c Na~’y in 1960. AEC gradually withdrew activities and
,.. ,.. m- Mecken until EMBL was the only active facility

:; d. This made support such as power, water,
.r..,ep.ng and messing, and logistics difficult. In 1961

~!.fi>i- moved from .Vedren to Enewetak Island where an
ac~Ive support infrastructure still existed. The laboratory’s
new home became a building on the lagoon side of
Enewetak. Island. previously used as a recreation center
[Figs 4 and 5). This building was. modified to provide two
small air-conditioned rooms for the protection of instru-
nisn!s and chemicals, A rectangular aquarium was con-
...”-~.-,~ ~n :Lle cen[er of the large main room which was

:J: Three sides and open to the lagoon. A sea-
. . . sysrem, was installed, and living quarters were pro-

. ,icti for EMBL personnel and visiting scientists in a build-
ing across the lagoon road from the laboratory complex.
., .,..

-. J’iI:~ough adequate, this facility had one importa~ draw-
back. Boat operations required the use of the utility pier at
the northeast end of the island, making loading and
unloading difficult. and necessitating the carrying of equip
mem and specimens between the pier and the laboratory.

“‘%9, another move was in order.
:his same yar, the directo: ship of EMBL passed

:rom Ro&fi W. Hiatt to Vernon E. Brcsck, and then, a.:. .
feu months later, to Philip f-felfrich. I-felfrich continued as
director until January 1, 1975.

in 1969, military activities at Enewetak dictated
another move for EMBL, this time to the vicinity of a
large. three-storY dorrnitoW building which had been con
strutted on the ocmn side, toward the middle of Enewetak
lslanc! The new ]~[ion was a complex of aluminum build

Previously used as library, recreation center, and
.: mm This Iocirnon was more des]rable because of its

~~lmlty to ~]eep]ng qua~ers, [~ service facilities, and

covered lanai —which was supplied with running seawater
for aquaria —and two portable swimming pods used as

holding tanks. With about twice the space that had previ-
ously been allocated, the new facility included a farge gen-
eral laboratory, a shop, photo darkroom, Iittray, equip
ment room, communications room, a dive locker, and a
seprate buildlng for the storage of hamdtis chemicals “
(Fig. 6). In the early 1970s, EMBL acqirerf its own com-
munimtion system, providing a voice and teletype link to
the University of Hawaii.

MOVES TOWARD RESETTLEMENT *

The year 1972 brougfit significant political develop
ments which were to have a lasting effect upon the future
of the people of Enewetak and upon the fortunes of ‘
EMBL. Political status talks had been going on for several
years between the government of the United States and
representatives of the people of the Trust Territory of the
Pacific Islands (TTP1). These talks were aimed at ~timte
termination of the United Nations trusteeship over the
Micronesia Islands (with the United States as trustee) and
the establishment of one or more new and independent
self-administering political entities. During the 1972 talks,
responding to the pleas of the people of Enewetak for the
return of their home islands, the United States took the
first steps toward that return. In April, Ambassador Hay-
den Williams, the President’s personal representative to
the talks, was joined by High Commissioner Edward John
ston of the TTH in a public statement-of U. S. intention.
It provided that military use of Enewetak would shortly be
completed, thus permittkrg the atoll to be returned to the
administration of the Trust Territory, and that steps neces-
sary to rehabilitate the islands for resettlement could then
begin.

Later in 1972, the AEC’S Nevada Operations (Mce,
using the resources of its national laboratories and contrac-
tors, mounted a massive radiological survey of Enewetak
Atoll as a preliminary step toward cleanu~and ~ehabilita-
tion.––Thwse acti~~tie~ are descrik~ in offici~J repo~
(U. S. AEC, 1973; U. 3. DOE, 1982; Holmes and
Narver, 1973; and U. S. DNA, 1975). Although EMBL
did not participate directly in either the 1972 survey or
the cleanup, the director and other scientists ionsuhed and
assisted in many ways. While applied science and enQ wer-
ing were at work to restore the atoll, the basic studf~” of

EMBL continued apace. AM-sough this tiny, remote
research station might have &en overwhelmed by the
enormity of the cleanup effofi (thousands of men, over 3
years, at a cost of more’ than $100 million), those respons-
ible in the AEC (now the U. S. Department of .Energy)
and the U. S. Defense Nuclear Agency (DNA), recognized
the lasting worth of the science program and saw to it that
the laboratory’s interests wereprotected,

In 1978, the U. S. Coast Guard LORAN Station, -
which had occupied a complex of buildings at the eastern
end of Enewetak island, was closed, BY agreement with
DNA and w{th the people Gf Enewetak, DOE obtained the
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.“ ~se of these facilities and allocated them to the
:<:...>. .-.:,..-, -.j, (Fig. 7). Over the next 2 years, in anticipation
J :r,e demobilization of the cleanup force and the sharp
~muctlon in available logis~ and iife suppbrt~aci]ities,
$l~>>swere taken to make the laboratory ready to “stand
.~.,.,-.,. The complex was augmented with several portable
::..,--. . .. .. and laboratory uni Is. and plans were made for,. -,. , ..~r. fresh and sah water systems, and other

: lort The new location was a considerable
... .. . .. . consolidating all operational and support

“- . :.+: m one location. The new facilities included a
m? : ?i:conditioned laboratory building with work benches
~r,~ ?quipment space, a library, communications room.
‘d?:.. ~:’m. re(eren:c collccllcjn room, and several storage
?~~~:. Attticl~ed IC, rhe m~; n buildlng were a gwrerator
r~sc~ ~nd ? stora~,, shed, .Four add; [ional buik!]l]gs pro
.,.,..

-== si<.~pii)g quaric;s accomnl<dating as many as 18 per-

‘-! bulld]n;s provi~<.j a ki[c!-,en, iood storage a
!,l~,ord:or, a scl~n:lflc silo;)

~ dl~~ Iockcr, a
-1“l~:n:i’ltcrk. > ~op, anf5 a co~~,rcd Sedwal.?r ierja,

5002423
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A 50-foot tower on which two 6t30gal tanks were located

provided gravity feed for a seaw,ater system. GOOCIquality
unfiltered seawater for this system was pumped from a
former ~uarry in the reef.

----

Access to the Iagcmn for boats and’ personnel was pro-“
vialed by a conveniently located concrete ramp and a
wooden pier. IAoratory boats were moored offshore or
launched and retrieved from trailers at the ramp.

Ffesh water was provided by catchment of rain from
the r&ofs of several buildings and stored in four 10,000gal
cis!erns Diesel and gasoline fue]5 were stored in tank5 on

the lagoon side of the laboratory complex. These fuels,
along wi~h oiher supp!Ics, were de}:,;ered 10 the laboratory

approxima[e!y every 2 months by Ibe DOE research vessel
Liktmrur, u,h]ch was based at tiwajalein and supported

DOE’S en~wonrnentai research. rz~iation protection: and
medics! programs in rh.z north?rn !!arshal! Islands. Person-
nc,l. real!, and I]ght cargo wcr< us~m:iy transported via the
Alrlinc c,: Iht kfars!.t~!l Islands (.A!*!I’ On approximately a

INU(,,,L!, sch., ciule ~nc occas)on:,!l; or, a cha;tmed flight
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Fig. 7 The fourth and final location of the laboratory was In the former U. S. M Guard
LORAN Station on Enewetak Island from 1976 to the present; a. The donnltory is to the left
and the mess hall to the right: b, View of the laborato~ complex from the W-h-high water
tower with onc of the cisterns In tflc foreground. The name was again changed to the Mid-
Paclfic Research bhorato~ (MPRL~ 10 note the incluslon of Ierleswial as well as martne

rcsearct) [Ph[IIIIs t,v P. Helfrich. ]
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RESEARCH EMPHASIS

There were two major periocfsof research at Enewetak
conducted by the University of Hawaii under contract with
DOE and its predecessors. During the first 20 years (1954
to 1974), the AEC supported independent research that
was broadly aimed at increasing our knowledge of this rich
and diverse coral atoll ecosystem. The rationale for SUP

porting this broadly based research was that it was impos-
sible to predict what aspects of the system might be most
perturbed by the test activities or what the lasting effects
of these perturbations might be, Thus, a broad spectrum
of investigations was considered appropriate. In retrospect
this was a wise choice because later events and decisions
depended upon information resulting from this early

D
research. Scientists from EMBL, with ti}eir acquired data

base, were freqllently called upon for advice and assis.
tance, especially during the period of preparation of the
atoll for the return of the Enewetak people. The modest
cost of maintaining and operating the laboratory over these
years provided the AEC with a bargain in sciace because
the support systems were in place for AEC and defense
department programs. The incremental cost of supporting
the laboratory was, therefore, relatively small. The scien-
tific research was accomplished at ICW cost bemuse most
of the participating scientists were salaried by their home
institutions.

Much outstanding research was accomplished at EMBL
!Fig. 8). The record of acco,nplishment is set forth in the
volumes of collected reprints of scientific publications
wlhich were issued in 1976 and 1979 (U. S. ERDA, 1976;
U S. DOE, 1979). As knowledge of coral reef ecosystems
advanced, it was deemed advisable to mount a major
effort to understand the metabolism of an entire atoll
(Fig. 8), Discussions and planning conferences culminated
in the initiation of a major program in the summer of
1971 under the name SYMB1OS. This program lasted for
12 weeks and involved the research vessel Alpha Helix, 25
participating scientists, and numerous support personnel
under the leadership of Robert Johannes. SYMBIOS was

- j6intly sponsored by the Natioiitd Science Fo~naation, the
AEC, and the Janss Foundation. Its initial objective-to
study the metabolism of an entire atoll—proved to be too
ambitious, but a thorough study of the windward reef was
accomplished and some major advancements were realized
in our knowledge of reef metabolism. As with other
research, this effort posed many” new questions and chaf
lenges, and resulted in repeat visits to Enewetak by SYM-
BIOS scientists to further pursue work initiated in this
landmark study. The results of SYMBIOS are summarized
in Chapters 9 and 10 of this volume.

In 1972, the DNA began a series of studies to better
understand cralering effects of nuclear explosions Craters
formed by the nuclear explosions of ~rlier years were
analyzed by direct observation, seismic response measure.
ments, and dynamic experiments util]zing chernial explm
sives. Scientists from EMBL were called upon IO adwse the
cfefcnse deparrnwnt, espcially upon the eA~c!cd impact

. -,
]Ou,ing a strong protest and legal action by lawyers for d
peoPle of Erwwetak, the dynamic ex~riments were ~
Ce]ed and only shallow coring of the atoll rim and $eIs -

.-studies of the reef structure were pursued to complete tl
project.

The second period of resarch began with the reorg
zation of the laboratory in 1974. Following discussig1

i%
with the Chairman of the Atomic Energy Comm
Dixie Lee Ray, a visit was made to the Ia-kratory by
ad hoc advisory group. including officials and scien
from the University of Hawaii, the AEC, and se
independent consultant:. Chairman Ray had expre
interest in reorganizing and upgrading the Iaborat
full-time operation, with iesearch objectives mor
relevant to AEC interests. The advisoy group met
Enewetak in February 1974 arid later made brief vfsits
Bikini and to Majuro, the capital of. the Marshalf 1s
Participants were William O. Forster, Nathaniel Barr,
Charles Osterberg of AEC Headquarters; Roger Ray of
Nevada Operations Office of the AEC; Philip Helfrf@r-
the University of Hawaii (Director of EMBL); Wffliarn
Coops of the Research Corporation of the University
Hawaii; Robert Hiatt of the University of Alaska (
Director of EMBL); and Glen Fredholm, an in
consultant. The advisory group: (1) articulated “in some
detail its recommended objectives for a lalmatow agers&l
which would be responsive to AEC direction, (z] suggested f

that the field station at Enewetak be upgraded to fufl-titne””
activity with a resident staff, and (3) recommended that’:
the name of the labcrrato~ be changed to the Mid-P@.ffc’~
Marine Laboratory (MPML) to reflect its interest in a wfder>
geographical area, including such areas as Bikini, where;
the AEC continued to have an active interest. .%

In March 1974, following the advisory 9rOUP meetfrw$~”$
Roger Ray and Philip Helfrich returned to Majuro to meet;<
with officials of the government of the Marshafl Isfands and:
with members of the Enewetak Municipal Chncfl. ~
latter meetings were hosted by Micronesia Legaf servf-~
Corporation, counselors for the people of Enewetak. TIw%
Enewetak ‘Council expies=d ‘its desire 6FIW Iaborato 4
continue to function in the Enewetak community after ti:
return and resettlement of the atoll residents. h approved.!
the site of the Coast Guard LORAN Station as the tdt$ ~

.]mate home of MPML.
With the approval of reorganiktion and redirection of

goals, the laboratory entered a new and productive phase.

Sup~r-r and encouragement of basic studies continued
under AEC sponsorship, v.,hi]e mission-oriented re~ch

was being planned and implemented. The major AEC-

oriented projects of the 1975 to 1980 period were (1) a
study of the circulation o! the Enewetak Lagoon, (2)
research on the dynamics of groundwater resources Of
Enewetak Atoll, and (3) studies of ciguatera fish poisoning
af Erwwetak “

on Jan 1, 1975. Philip Helfrich Ieh the Universt~ of
Haua): and was replaced as director of MPM!- by Stephen
t’ ST,;:!’!.who served m IF.z: mpacity until 1977. During
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Smith’s tenure the three rcscarc)l projects mcntlnncd

above dominated the activit}cs O{ the laboratory A study
of the oceanography of Enewetak Lagoon was prompted
because-despite intensive studies of various facets of
Enewetak’s geology, physicqaphy, biota, ecosystem dy
namics, radiation contamination, etc.-only cursory infer
mation existed on the circulation. fitterns of” the lagoon
(Chapter 5 of this volume). This comprehensive study
directed by Smith resulted in information on the physical
and chemical dynamics of the entire lagoon. The topic of
the second investigation was the dynamics of groundwater
resources .of Enewetak, a study that developed information
vital to the returning Enewetak people who required
uncontaminated water for drinking and agriculture. This
investigation was directed by Robert W, Buddemeiey
(Chapter 4 of this volume). Ciguatera fish poisoning, the

D topic of -the third study, had plagued the people of the
Marshall Islands for many years, waxing, and waning in an
inexplicable manner. The return of the people and their
dependency on fish for sustenance placed a special
urgency on the results of this stud~ that was directed by

John E, Randall (Chapter 7 of this volume).
During 1975, the AEC was reorganized, and the func-

tions pertinent. to MPML were assigned to the newly
formed Energy Research and Development Administration
(ERDA). In turn, ERDA gave way to the U. S, DOE in
1977.

Resident managers were established at MPML on a
year-round basis in 1975, and these individuals became
integrated into the Enewetak community. This was an
impxtant aspect of MPML’s operations because these
scientists represented a benign, if not benevolent, element

among the numerous government-sponsored activities

related to the radiological survey, cleanup operations, and
various medical and agricultural programs, The individuals
who served as the resident laboratory managers were all
exemplary in their dedication, and there were numerous
examples of extraordinary service. From 1975 to 1977
the resident laboratory managers were Philip and Janet
Lamberson.

In June 1977, Ernst S. Reese assumed directorship of
I&ML, refladng Sriiith. During Ree~s tenure” (1977 to..- .----- -

1979), the research on lagoon oceanography, groundwater
dynamics, ciguatera, and other aspects of atoll research
continued, Planning and implementation of “the move to the
former Coast Guard LORAN Station took place. In addi
tion to continuing to fully support the research mission of
MPML, the Iaboratcky personnel cooperated in many ways
with the DNA. A highlight of this cooperation was the prm
duction of an audio-slide presentation to acquaint the mi)i-
tary personnel of the DNA with the natural history of a
coral atoll and to describe the recreation) op~rtunities
offered by the atoll environment. There was also a caution
ary note about the dangers of the atoll environment rang
ing from severe sunburn to the presence of sharks. The
audio.slide presentation contained an important message
about conservation of the atoll environment as UCII
observe and enjoy but do no! destroy

500V128

,..

q
~oj]owing the cleanup, support sqwces were WI&

large flock of migratory birds. The Iaboratorv’s data base
fac]l]tated an immediate assessment of the Icngtti of time
these hrc!s would require protection. and it was possible t



e- ‘?3&w-- . . .

,..
‘re tvf~ .,.., ~,,.~.il. ItIi’ cl~’anuP actlviiics S(I d~ [0 have onl; a

,,l,nlm.;i cf{(Ici upon them.
ThL>a!oll rehabilitation Program consisted of the re

affe
~oVaI and disposal or isolation of debris and contaminated
,,,,l:,.:.,+, the construction of homes and community build.

: /+ci\ltles, and the planting of more than 30,000.. ... .
borat irdanus, and breadfruit trees. The cost was
d ,‘ million. In April 1980, a ceremony was held at
nd i ,,.U. :~k. commemorating completion of the cleanup and
rr of !t,,. return of s43 Enewetah people to their anceslral

con home A short ,time later, the last elements of the Joint
lspo la~k Group departed Enewetak, leaving the laboratory as

I}Wonly Amerimn presence in the comrnunii Y.
~~,er the next 3 years, major emphasis was placed

<:udies of a portion o{ the atoll ecosystem which had

- been largely unexplored—the soft lagoon sub
“:~:s-resear;h was directed by Patrick L. Colin.
[iw fallout material which remained from the

:lu(it@r Iests had settled in the lagoon fl~r, and the
d dynamics of this biotope Were little understood. As a rsdt

.

of ttiis tesearch. a fr~’sh Perspcclive was acquired W})at
had formerly been considered to be a largely passive SYS-

tcrn into which materials were sedimented (rem the water
column was revealed to be an’ area in which burrowing
organisms were continually reintroducing material into f-he
water column—a process which led to some revision of
the understanding of important biogeochemical processes.
Interest in these processes helped to stimulate interest, in
1981, in one more interdisciplinary initiative at Enewetak.

A significant improvement in understanding of the
deeper sediments of the lagoon required direct observation
and sampling, and these techniques required the use of a
research submersible. With the cooperation of the Hawqii
Undersea Research bborato~, the research submersible
Mokdi ‘i was made available for a perimj in the summer of
1981 (Fig. 9). Other sponsors of the expedition were the
National Oceanographic and Atmospheric Agency (NOAA)
and the DOE. The DOE support included use of the
research vessel Liktanur. Fifteen scientists and seven sup
port personnel participated in a program which included

I

Y The ~=r~h submer~~~lc ~fo~alj”j ~~~ated bY [))e (JnI,,er$I,y of HZSWaIf sh~un on One of “11~N rmrch dic.~ in the

.~u’etak Lagoon in rhe summer of 1981. [Photo courtesy of HURL Program. Unit,erslty of Hau’aii. ]
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52 Suc{l?ssful I*,s.arctl CJlvc!>bctu~, c July 7 and Scp: 29.
1981. The resuhs were presented In a special symposium

of the W~stcrn Society of N’atural]sts in Los Angeles in
December 1982 and were publjshed in Bulletin OJ Morine
Science (Harrison, 1985).,

AN ERA ENDS,

Although the plans for an autonomous laboratory after
the 1980 departure of the cleanup forces were thought.
fully and thoroughly prepared and enthusiastically arried
out, and despite the welcome that MPRL had received
from the returning Encwetak community, its anticipated
position as a permanent fixture in that community was not
to be At a time of constrained research dollars in the

m DOE, and with support grants from all sources limited, the
cost of maintaining a resident staff and operating the
MPRL facility as a self.sustaining field station became
prohibitive. Support from the Division of Biomedical and
Environmental Research was terminated in 1982,
whereupon DOE’S Nevada Operations Office ●sought and
obtained funding for one more year through the DCSE
Office of Defense Prbgrams. This additional y-r of fund-
ing permitted an orderly phase down of the laboratoy
activities and the preservation of some of MPRL’s unique
assets.

The reference collection which had been started during
Hiatt’s early tenure had grow-n and had &en well
preserved and cataloged. For several years this was
accomplished through a cmtracr with the Bemice P.
Bishop Museum. under the able supervision of the late
Dennis M. Devaney. The collections were urefully pack-
aged and shipped to Hawaii to be placed in the temporary
custody of the Bishop Museum. Early in 1985, negotia-
tions were completed by the DOE with the Smithsonian’s
National Mus~um of Natural History and with the Bishop
Museum for the permanent transfer of the reference collec-
tion to the latter institution, The MPRL’s library and much
of the laboratory equipmenf were transferred to Hawaii
Institute of Marine Biology.

The remaininp U. S. govem,merit activity at %ewetak
is now conducted on a campaign basis, usually supported
by the research vessel Liktanur At this writing, however,
two DOE contractor employees remain at the atoll, and

the field station remains intact and capable of limited sup

port Philip Helirich retains the nt]e of Director of MPRL

and, with modest funding from DOE, entertains inquiries
from scientists who desire to explote the feasibility of con-

tiELFFiiW AFL RAY

lhe people of Enuwetak would welcome such visits.
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